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$\frac{dN(t)}{dt}=rN(t)\{1-aN(t)-bN([t])\}$ . $t\neq 0,1,2,$ $\cdots$ , $t\in(O, \infty)$ . (1.1)
$N(t)$ $+^{dNt}$ $N(t)$ $t$ } (the right-hand side
derivative) $r,$ $a,$ $b$ $[t]$ $t\in(O, \infty)$
K.Gopalsamy, $P.Liu[1]$ $\alpha=\frac{a}{b}$ $\alpha\in[1, \infty$) $r\in(O, \infty)$
$W= \frac{1}{a+b}$ $\alpha\in(0,1)$
KGopalsamy, PLiu[l (1.4) $\alpha\in(0,1)$
$r \leq\frac{1}{a}\log(1+2\alpha)+\log(\frac{1+\alpha}{1arrow\alpha})$ $x= \frac{1}{1+\alpha}$
$(V(n)=(x(n)-x^{*})^{2})$
$N(n+1)= \frac{N(n)\exp\{r[1-bN(n)]\}}{1+aN(n)\frac{\epsilon xp(r[1-bN(n)])-1}{1-bN(n)}}$ (1.2)
(1.1)
$\frac{d}{dt}\{\frac{1}{N(t)}\exp\{r[1-bN(n)]t\}\}=ar\exp\{r[1-bN(n)]t\}$ , (1.3)
(K.Gopalsamy, PLiu[l] ). K.Gopalsamy, P.$Liu[1]$
$r$ $r \leq\frac{1+\alpha}{\alpha}1og(\frac{1+\alpha}{1-\alpha})$
Y.Muroya, Y.Kato[7] K.Gopalsamy, P.Liu[l]
$f(t;r)=(1-t) \frac{l’-1}{t}$ $\alpha\in(0,0.63487\cdots)$ $f$
H.Li, R.Yuan[9] $f$ $\alpha\epsilon$ [0.625, 1)
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$\alpha\in(0,1)$ (1.1)
$r$ $r \leq\frac{1+\alpha}{\alpha}\log(\frac{1+\alpha}{1-\alpha})$
1.1 $r,$ $a,$ $b$
(1) $\alpha\in[1, \infty$) $r\in(0, \infty)$
(2) $\alpha\in(0,1)$ $0<r \leq\frac{1+\alpha}{a}\log(\frac{1+a}{1-a})$
(1.1) \mbox{\boldmath $\tau$} $\lim_{1arrow\infty}N(t)=\overline{a}+71$
$\{\begin{array}{ll}\lrcorner_{dt}dNt1=r(t)N(t (1-aN(t)-\Sigma_{j=0}^{m}b_{j}N(n-])\},n\leq t<n+1, n=0,1,2, \cdots,N(O)=N_{0}\succ 0 and N(-J)=N-j\geq 0, j=1,2, \cdots , m.\end{array}$ (1.4)
$r(t)$ $[0, \infty$) $\Sigma_{j=0}^{m}b_{j}>0,$ $b_{j}\leq 0,$ $i=0,1,2,$ $\cdots m,$ $a+\Sigma_{j\cdot 0}^{m}b_{j}>0$

















$x(t)=\phi(t)\geq 0$ , $-\underline{\tau}\leq t\leq t_{0}$ , and $\phi(t_{0})>0$
$\#_{t}^{dN\prime}$ $N(t)$ $t$ (the right-hand side derivative) $r(t)$ [to, $\infty$)
$r(t)>0$ $\phi(t)$ $[-\underline{\tau}, t_{0}]$ $a(t)$ [to, $\infty$]
$b_{j}(t),$ $(j=0,1, \cdots, m)$ $[t_{0}, \infty$ ) $b_{j}(t)>0$ $\tau_{0}(t)$
$\tau_{0}(t)=t_{l}$ , $t,$ $\leq t<t_{+1}$ , $l=0,1,2,$ $\cdot$ .. , (1.6)
$\tau_{j}(t)$ (to, $\infty$)
$-\underline{\tau}\leq\tau_{j}(t)\leq\tau_{0}(t)\leq t$, $1\leq j\leq m$ ,
(1.7)
$\underline{\tau}(t)\equiv\inf_{0\leq J\leq m}\tau_{J}(t)arrow\infty$, $(tarrow+\infty)$ .
$a(t)\geq Z_{J=0}^{m}b_{j}(t)$ (1.5)
$\alpha(t)=\frac{4t)}{\Sigma_{/\cdot 0}^{n}b_{J}(t)}$ $0\leq\alpha(t)\leq 1$
K.Gopalsamy, P.Liu[l] Y.Muroya, $YKato[7]$ ,
H.Li, R.Yuan[9] f(t;r)
$0$ $u(t)$
$x(t)=N4^{1}\overline{u}(’)$ $x$ 1 $B.Lisena[8]$
$Y.Muroya[3]$ $t$ $t<t<t_{l+1}$
$\max_{S\iota\leq f_{s1}},|x(t)-1|\leq\max_{\underline{r}(l_{l})\leq t\leq t},$ $|x(t)-1|$ ,
1.2 (1.5) $x(t)=_{u(l)}^{N}$$’$ $A(t)=a(t)u(t),B(t)=b(t)u(\tau_{j}(t))$
$\frac{dx(t)}{dt}=x(t)\{(A(t)+\Sigma_{j4}^{m}B_{j}(t))-A(t)x(t)-\Sigma_{j=0}^{m}B_{j}(t)x(\tau_{j}(t))\}$ . (18)
$x=1$
$A(t).B_{j}(t)\geq 0$ , [$i=1,2,$ $\cdots m$), $\tau_{j}(t)\leq\tau_{0}(t)=t_{l}$ , $0=1,2,$ $\cdots m$). o
$0\leq\underline{\alpha}\leq\overline{\alpha}<1$ $0<\gamma\leq 1$
$0 \leq\underline{\alpha}\leq\frac{A(t)}{z;_{0^{B,(\prime)}}}\leq\overline{\alpha}\leq 1$ ,
(1.9)












$\{\begin{array}{ll}+^{dNt}=rN(t)\{1-\Sigma_{j\Leftrightarrow 0}^{m}b_{j}N([t-J])\}, t\geq 0,m\geq1, (1.13)N(0)=N_{0}>0, N(-J)=N_{-j}\geq 0, j=1,2, \cdots,m,\end{array}$
$r>0,$ $b_{i}\geq 0$ , $i=1,2,$ $\cdots,m,$ $\Sigma_{j.0}^{m}b_{j}>0$
A-l(Muroya[4] 2.1 )
(1.13)
$b_{0}>\Sigma_{j\Leftrightarrow 1}^{m}b_{1}$ , $0<r\leq 1$ . (1.14)




$b_{j}\geq 0$ , $b_{0}>\Sigma_{j=1}^{m}b_{J}$ , (1.16)











$r_{1}>r_{2}\geq 0$ , $r=r_{1}+r_{2}\leq 2$ , $r_{1}+r_{2}- \frac{r_{2}}{r_{1}}e^{r\downarrow+r_{t}-1}\geq 0$ , (1.19)
$r_{1},$ $r_{2}$


















2.1 $0<Y<\alpha$ , for $0<\alpha<1$ $\alpha<Y<0$ , for $-1<\alpha<0$
$\hat{Y}=Y(\alpha)$
$\frac{1}{1-p_{2}}=g(f;\alpha)$ , $-1<\alpha<1$ , (23)
$r_{(0)=0}$
$\lim_{\alphaarrow 0}Y(\alpha)=\zeta(0)$ . (2.4)
2.2 $-1<\alpha<1$ $Y(\alpha)$ 2.1
$\hat{r}(\alpha)=\frac{2(1+\alpha)}{1-f^{2}(\alpha)}$, $t \wedge(\alpha)=\frac{\alpha+f(\alpha)}{1+\alpha}$ . (25)
$\hat{r}(\alpha)$ $\alpha\in(-1,1)$
$\lim_{\alphaarrow-1+0}\hat{r}(\alpha)=0$ , $\lim_{a\sim-1-0}\hat{r}(\alpha)=+\infty$, (2.6)
$\lim_{\alpha-\cdot-1+0}\hat{Y}(\alpha)=-1$ , $\lim_{\alphaarrow-1-0}f(\alpha)=1$ , (2.7)
$\{\begin{array}{ll}\hat{t}(\alpha)<1, f^{Y}(t\wedge(\alpha);\hat{r}(\alpha))=0,f’(t;\hat{r}(\alpha)) \succ O, for -\infty<t<\hat{t}(\alpha) and,f’(t;\hat{r}(\alpha)) <0, for t(\alpha)\wedge<t<1.\end{array}$ (2.8)
$0<r\leq\hat{r}(\alpha)$
$\{\begin{array}{ll}f(t;r)\leq f(t;\hat{r}(\alpha))\leq f(t\wedge(\alpha);\hat{r}(\alpha))=\frac{2}{1-\alpha}, for t<1,f(t;\hat{r}(\alpha))<\perp 1-\alpha for t<1. and t\neq t\wedge \alpha),\end{array}$ (2.9)
$-1<\alpha<0$ $\hat{r}(\alpha)<\hat{r}(1+2\alpha)$ $r<\hat{r}(1+2\alpha)$
$1+\alpha f(t;r)>0$, for any $t<1$ . (2.10)
2.3 $\beta\gamma>0$
$f(x;r, \beta,\gamma)=x\frac{e^{\psi-\gamma x)}-1}{\beta-rx}$ , (2.11)
$t=1-\beta\chi_{\chi}$ $\tilde{r}=\beta r$,
$f(x;r, \beta,\gamma)=\frac{1}{\gamma}f(t;\tilde{r})$ . (2.12)
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$x(t)= \frac{x(t_{t})exp|\int_{\iota},A(\sigma)+X_{J\triangleleft}B,\langle\sigma)(1-\triangleleft r_{J}(\sigma))\nu\sigma\}}{1+\chi(\iota,)\int_{l},4(s)\epsilon xp1\int_{l_{l}}A(\sigma)+\Sigma_{0}^{n}B_{j}(\sigma X^{1-x(\tau_{j}(\sigma))\cross\sigma|ds}}$. (3.3)
$\Sigma_{j=1}^{m}B_{j}(t)-B_{0}(t)\leq A(t)$
$(x(t)-1)= \frac{1-x(t\prime)\int,_{l}B_{0}(s)\epsilon xp(\int^{l},_{l}A(\sigma)+\Sigma_{J^{\epsilon 0}}^{n}B_{J}(\sigma X\iota-x(\tau_{j}(\sigma))\nu\sigma)ds}{l+x(’ l)\int’,A(s)\epsilon xp\{\int_{l}^{s}\Lambda(\sigma)+\Sigma^{n_{0}}.B,(\sigma)(1-x(\tau_{j}(\sigma))\mu_{\sigma)ds}}(x(t_{l})-1)$
(3.4)
$x( \iota’)\int’,Z_{*1}^{n}B_{j}(s)(x(\tau_{j}(s))-1)\exp 1\int_{l}^{l}lA(\sigma)+z_{\triangleleft}^{n}\epsilon_{j}(\sigma X1-x(\tau_{j}(\sigma)))d\sigma|ds$




$\partial i^{[\frac{1}{x(t)}}d$ exp $t\int_{\iota,}^{t}(A(\sigma)+\Sigma_{j\Leftrightarrow 0}^{m}B_{j}(\sigma)))-\Sigma_{j=0}^{m}B_{j}(\sigma)x(\tau_{j}(\sigma))d\sigma$}] (3.5)
$=A(t)$ exp $t\int_{t_{t}}^{t}(A(\sigma)+\Sigma^{m}J-\triangleleft B_{j}(\sigma)))-\Sigma_{j=0}^{m}B_{j}(\sigma)x(\tau_{j}(\sigma))d\sigma$ }.







$t$ , $\leq\max,’*||\frac{l-x(\prime_{l)\int,B_{0}(s)\epsilon xp\mathfrak{l}\int\Lambda(\sigma)*ZB(\sigma X1-x(\tau_{j}(\sigma))\cross\sigma|ds}\prime\prime\iota/\triangleleft/a}{1+x(t_{l})\int_{l_{l}}\Lambda\langle s)\epsilon xp\dagger\int’,A(\sigma)+Z_{j\alpha}B,(\sigma)\langle 1-x(\tau_{J}\langle\sigma))\mu_{\sigma\}ds}}||x(t_{l})-1|$
$+ \max_{t\prime s\prime\leq\prime}’\star 1|\frac{x(t_{l})\int_{t}’Z_{j\cdot I}^{n}B_{J}(s)(X\tau_{J}(s))-1)\epsilon xp|l’,A\langle\sigma)*Z_{j4}^{m}B_{j}(\sigma)(1-x(\tau_{J}(\sigma))\cross\sigma|ds}{1+x\{’\prime)\int^{l}A(s)\exp\dagger\int^{f},A(\sigma)+2_{j\cdot 0}B_{j}(\sigma)(1-x(\tau/(\sigma)))d\sigma)ds}|^{(3.\cdot 7)}$
$x\{\max_{\underline{\tau}(’)\leq t\leq},, |x(t)-1|\}$ ,
$1 rightarrow x(t,)\int_{t_{l}}’B_{0}(s)\exp\{\int_{l}^{s}A(\sigma)+\Sigma_{j=0}^{m}B_{j}(\sigma)(1-x(\tau_{j}(\sigma)))d\sigma\}ds\geq 0$
$\{\max_{t,\leq t\leq t,*|}|x(t)-1|\}\leq\max_{t,\leq t\leq t,*I}|\frac{\iota+x(t_{l})\int,_{l}\{2_{J^{I}}^{n}.B_{j}(s)-B_{0}(s)\}\epsilon xp\mathfrak{l}\int,_{l}\Lambda(\sigma)+z_{j\cdot 0//}^{np(\sigma)\langle 1-x(\tau(\sigma))\mu_{\sigma|ds}}}{1+x(t,)J_{l}^{v}\prime.1\langle s)\epsilon xp(\int_{l}A(\sigma)+\Sigma_{0}^{m}B_{J}(\sigma X1-x(\tau_{J}(\sigma))\nu\sigma|ds}|$
(3.8)
$x\{\max_{\underline{\tau}(\iota’)\leq t\leq t_{l}}|x(t)-1|\}$
$\Sigma_{j=1}^{m}B_{j}(t)-B_{0}(t)\leq A(t)$ $\max_{t_{l}\leq t\leq},,*||x(t)-1|\leq\max_{\underline{\tau}(t’)\leq’\leq},,$ $|x(t)-$
$1|$
$1-x(t_{l}) \int_{l}’B_{0}(s)$ exp $\{\int^{s}A(\sigma)+Z_{j=0}^{m}B_{j}(\sigma)(1-x(\tau_{j}(\sigma)))d\sigma\}ds<0$
(3.7)





















$K_{0}x(t_{l}) \int_{l_{l}}’\Sigma_{j0}^{m_{\overline{\vee}}}B_{j}(s)ex_{l}p\{\int_{\int,\leq K_{0}x(t),\Sigma}\prime 1\sum_{\simeq 0}jmB_{j}(\sigma)\{\{1-x(\tau_{j}(\sigma))\}+\frac{\alpha}{\sigma}|d\sigma\}dssj=0^{B_{j}(s)\exp[\int_{\mathfrak{l}_{l}}^{s}\Sigma_{j-\triangleleft}^{m}B_{j}(\sigma)d\{\underline{A}-\gamma x(t_{l})\}]ds}m$






$F(z) \geq\frac{1-\frac{1}{K}f(1-x(t_{l});\underline{A}B_{l})}{1+\underline{\alpha}\frac{1}{K}f(1-x(t,);\underline{A}B_{l})}$ , (3.15)
(3.10) $F(z)<1$ $F(z)\geq-1$ (3.15)






$( \max_{S’\leq t_{l+1}}|x(t)-1|\leq\max_{\underline{\wedge}l,)\leq i\leq l}|x(t)-1|)$
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